Tell us something about neuroscience in China?
Neuroscience in China has a tradition of excellence. I would like to mention the founders of modern Chinese neuroscience -Robert Kho-Seng Lim, Te-Pei Feng and Hsiang-Tung Chang. Lim and Feng were members of the US National Academy of Sciences. Lim carried out pioneering work on the physiology of neuromuscular junction and synaptic plasticity. Interested readers might want to read a chapter published in the Annual Review of Neuroscience in 1988 (11, 1-12 ) about Lim's career development and the early history of neuroscience in China. Chang was one of the pioneers of studying dendritic potentials and among the first to recognize the functional significance of dendrites in the central nervous system.
Neuroscience in China has grown steadily since the 1920s, and started to flourish in the 1990s. In 1995, the Chinese Neuroscience Society was founded and it now has more than 2500 members. Major neuroscience research programs are located in the Chinese Academy of Sciences, Peking University, Fudan University, Beijing Normal University, University of Science 
How do Argonautes function?
An Argonaute protein plus its small RNA guide compose the RNA-induced silencing complex (RISC). RISC complexes can also contain additional proteins thought to extend the functions of Argonautes or to direct RISC to specific sub-cellular locations. The simplest, and likely ancestral, Argonaute function is endonucleolytic cleavage of its RNA target at a single phosphodiester bond. The structure of Argonaute ensures that the bond cleaved always lies between the target nucleotides paired to the tenth and eleventh nucleotides of the guide RNA. Increasingly, Argonaute aficionados refer to these nucleotides as g10 and g11 for the small RNA and t10 and t11 for the target, viewing both the guide (g) and the target (t) from
Quick guides
the 5´-to-3´ perspective of the small silencing RNA.
What does Argonaute look like?
No three-dimensional structure is available for an entire eukaryotic Argonaute protein, but a series of structures of eubacterial and archaeal Argonautes, as well as structures of individual domains of eukaryotic Argonaute proteins, together reveal broad principles that hold true in fungi, plants, and animals. All Argonaute/Piwi proteins comprise three key domains: PIWI, MID, and PAZ (Figure 2 ). The Argonaute endonuclease, which requires Mg 2+ to slice a target RNA into products bearing 3´ hydroxyl and 5´ phosphate groups, resides in the carboxy-terminal PIWI domain ( Figure  2A ). The PIWI domain resembles another nuclease, RNase H, a DNA-guided ribonuclease. Like RNase H, the PIWI domain contains three negatively charged, evolutionarily conserved amino acids -typically aspartate-aspartate-glutamate (DDE) -that form a Mg 2+ -binding catalytic triad. Unlike RNase H, the small RNA guide remains stably bound to the Argonaute protein through many rounds of target cleavage.
The amino-terminal PAZ domain uses its oligonucleotide-binding (OB) fold to secure the 3´ end of the small RNA guide strand to Argonaute ( Figure 2B ). A conserved hydrophobic cavity within the PAZ domain recognizes the characteristic two-nucleotide, 3´ overhanging end of the guide-passenger siRNA or miRNA/miRNA* duplex generated by Dicer. The PAZ domain can also detect chemical modification of the 3´ end of the small RNA. In plants, all small RNAs bear a 2´-O-methyl modification at their final ribose sugar. In animals, piRNAs, but not typically miRNAs or siRNAs, are 2´-O-methyl modified, although in insects siRNAs bound to Argonaute2 are also 2´-O-methyl modified. The PAZ domains of human PIWI proteins (Hiwi1, Hiwi2, Hili) bind more tightly to the two-nucleotide, 3´ overhanging end of a dsRNA when it bears a 2´-O-methyl than when the end is 2´ hydroxyl. Conversely, the PAZ domain of the human AGO protein Ago1 prefers a 2´ hydroxyl. Comparison of the structures of single-stranded RNA bound to the PAZ domain from mouse Miwi with that of the PAZ domain from human Ago1 suggests that the wider RNA-binding cleft of the Miwi PAZ domain better accommodates a terminal 2´-O-methyl group than does that of Ago1. However, Drosophila Ago1 -whose guide RNAs in vivo are thought always to end with a 2´ OH -can accept 2´-O-methyl guides, at least in vitro.
Finally, the MID domain anchors the 5´ monophosphate of a small silencing RNA to the Argonaute protein, securing the guide through multiple cycles of target cleavage (Figure 2A) . In vitro studies suggest that 5´ phosphate binding helps align the small RNA on the surface of Argonaute, ensuring that the correct bond of the target is positioned in the endonuclease active site. The MID domain also participates in sorting small RNAs among various Argonaute paralogs according to the identity of the first nucleotide of the RNA guide. For example, in Arabidopsis Ago1 prefers small RNAs that begin
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At Ag o5 Protein sequences from the thermophilic bacterium Aquifex aeolicus (Aa), the sulfur-reducing archaea Archaeoglobus fulgidus (Af), the eubacteria Thermus thermophilus (Tt), the yeast Schizosaccharomyces pombe (Sp), the plant Arabidopsis thaliana (At), and the animals Drosophila melanogaster (Dm), Homo sapiens (Hs), and Nematostella vectensis (Nv; sea anemone) were aligned using MUSCLE (http://www.ebi.ac.uk/Tools/msa/muscle/) and displayed using Archaeopteryx 0.957beta (http://www.phylosoft.org/archaeopteryx/). with uridine, Ago2 and Ago4 prefer an initial adenosine, and Ago5 prefers cytosine. Swapping the MID domain of one Arabidopsis Argonaute for that of another exchanges the initial nucleotide that is favored. Such nucleotide preferences likely arise from subtle differences in the amino acid side chains near the 5´ phosphate-binding pocket: structures of the human Ago2 MID domain bound to nucleoside monophosphates suggest that Ago2 favors small RNAs that begin with uridine or adenosine because a rigid loop in the domain inhibits binding to cytidine or guanosine.
How do Argonautes obtain their small RNA guides? On their own, AGO proteins do not accept an siRNA or miRNA/miRNA* duplex, yet all available evidence suggests that AGO proteins are initially loaded with double-stranded small RNAs, which then mature to single-stranded RNA-containing, functional RISC. Loading of a small RNA duplex into an AGO protein requires both ATP and the chaperones Hsc70 and Hsp90. Hsc70 and Hsp90 are thought to use ATP energy to open AGO proteins to permit them to bind double-stranded small RNAs, but the details of this process remain unknown.
In Drosophila, mammals, and likely other higher plants and animals, RISC complexes load a small RNA duplex in a defined orientation: the thermodynamically less stable 5´ end of the double-stranded small RNA ends up in the phosphate-binding pocket of the MID domain, establishing that strand as the future small RNA guide. The other RNA strand becomes the passenger. Such thermodynamic asymmetry, together with first nucleotide identity, determines which strand of a small RNA duplex becomes the guide for an AGO protein. Most small RNA duplexes preferentially produce a readily predictable siRNA guide or miRNA strand, although some are bi-functional, with both strands loaded into AGO proteins. Even for these 'symmetric' small RNAs, a single molecule of duplex can only load one of its two strands; the other strand is ultimately destroyed.
An AGO protein bound to an siRNA or miRNA/miRNA* duplex is called pre-RISC. Once the siRNA passenger or miRNA* strand of the duplex small RNA is evicted from pre-RISC, the complex becomes mature RISC. For catalytically active AGO proteins, the siRNA passenger strand is thought to be cleaved as if it were a target mRNA. The heterodimeric protein C3PO has been proposed to facilitate release of the cleaved passenger strand. For catalytically inactive AGO proteins, mismatches within the duplex -in the seed or between guide positions g12 to g15 -promote maturation of pre-RISC to RISC. Many eukaryotes produce multiple Argonaute proteins, which are often functionally distinct. Flies and plants, for example, devote different AGO proteins to the RNAi and miRNA pathways. Caenorhabditis elegans produces 27 Argonautes (including two PIWI proteins). Mice and humans make four AGO proteins, only one of which, Ago2, retains the ability to cleave its RNA targets. Whether the functions of Ago1, Ago3, and Ago4 differ is not known.
How does Argonaute recognize and repress its mRNA targets?
The 'seed sequence' of a small silencing RNA guide -nucleotides 2 to 7 or 2 to 8 -provides nearly all of the specificity for target binding. Argonaute proteins pre-organize the seed sequence into a one-stranded helix whose conformation makes it ready to pair with a target without loss of entropy. Argonaute proteins accomplish this by binding the negatively charged phosphodiester backbone of seed sequence nucleotides, displaying the edges of bases g2 to g8 so that they are ready to base-pair with t2 to t8 of a target mRNA.
Why the rest of the nucleotides of the small RNA guide contribute so little to target binding remains unexplained.
The two-state model envisions that guide strand nucleotides 3´ to the seed sequence alternate between two isoenergetic conformations: bound to Argonaute, with the 3´ terminus anchored in the PAZ domain, and paired to the target mRNA, with the 3´ end free in solution. The fixed-end model proposes that the 3´ end of the guide strand remains anchored in the PAZ domain at all times, irrespective of the presence of a target RNA. Both models assume that the 5´ end of the small RNA guide always resides in the MID domain phosphate-binding pocket.
The structures of T. thermophilus Argonaute bound to a DNA guide and to a DNA guide together with an RNA target support the two-state model: the 3´ end of the guide strand binds the PAZ domain when only the DNA guide is present, but not when a target RNA
